NOT  m f UBtteffleN-GR-fefHM 


NATIONAL  BUREAU  OF  STANDARDS  REPORT 

10  870 


FIELD  MEASUREMENT  OF  HCI  CONCENTRATION 

FROM 

PVC  ELECTRICAL  CONDUIT  INVOLVED  IN  FIRE 


SINGLE  STORY  HOUSE 


U.S.  DEPARTMENT  OF  COMMERCE 

NATIONAL  BUREAU  OF  STANDARDS 


NATIONAL  BUREAU  OF  STANDARDS 


The  National  Bureau  of  Standards^  was  established  by  an  act  of  Congress  March  3, 
1901.  The  Bureau’s  overall  goal  is  to  strengthen  and  advance  the  Nation’s  science  and 
technology  and  facilitate  their  effective  application  for  public  benefit.  To  this  end,  the 
Bureau  conducts  research  and  provides:  (1)  a basis  for  the  Nation’s  physical  measure- 
ment system,  (2)  scientific  and  technological  services  for  industry  and  government,  (3) 
a technical  basis  for  equity  in  trade,  and  (4)  technical  services  to  promote  public  safety. 
The  Bureau  consists  of  the  Institute  for  Basic  Standards,  the  Institute  for  Materials 
Research,  the  Institute  for  Applied  Technology,  the  Center  for  Computer  Sciences  and 
Technology,  and  the  Office  for  Information  Programs. 

THE  INSTITUTE  FOR  BASIC  STANDARDS  provides  the  central  basis  within  the 
United  States  of  a complete  and  consistent  system  of  physical  measurement;  coordinates 
that  system  with  measurement  systems  of  other  nations;  and  furnishes  essential  services 
leading  to  accurate  and  uniform  physical  measurements  throughout  the  Nation’s  scien- 
tific community,  industry,  and  commerce.  The  Institute  consists  of  a Center  for  Radia- 
tion Research,  an  Office  of  Measurement  Services  and  the  following  divisions: 

Applied  Mathematics — Electricity — Heat — Mechanics — Optical  Physics — Linac 
Radiation- — Nuclear  Radiation- — Applied  Radiation- — Quantum  Electronics'’ — 
Electromagnetics^ — Time  and  Frequency^ — Laboratory  Astrophysics^ — Cryo- 
genics'’. 

THE  INSTITUTE  FOR  MATERIALS  RESEARCH  conducts  materials  research  lead- 
ing to  improved  methods  of  measurement,  standards,  and  data  on  the  properties  of 
well-characterized  materials  needed  by  industry,  commerce,  educational  institutions,  and 
Government;  provides  advisory  and  research  services  to  other  Government  agencies; 
and  develops,  produces,  and  distributes  standard  reference  materials.  The  Institute  con- 
sists of  the  Office  of  Standard  Reference  Materials  and  the  following  divisions: 

Analytical  Chemistry — Polymers — Metallurgy — ^Inorganic  Materials — Reactor 
Radiation — Physical  Chemistry. 

THE  INSTITUTE  FOR  APPLIED  TECHNOLOGY  provides  technical  services  to  pro- 
mote the  use  of  available  technology  and  to  facilitate  technological  innovation  in  indus- 
try and  Government;  cooperates  with  public  and  private  organizations  leading  to  the 
development  of  technological  standards  (including  mandatory  safety  standards),  codes 
and  methods  of  test;  and  provides  technical  advice  and  services  to  Government  agencies 
upon  request.  The  Institute  also  monitors  NBS  engineering  standards  activities  and 
provides  liaison  between  NBS  and  national  and  international  engineering  standards 
bodies.  The  Institute  consists  of  the  following  divisions  and  offices: 

Engineering  Standards  Services — Weights  and  Measures — Invention  and 
Innovation — Product  Evaluation  Technology — Building  Research — Electronic 
Technology — Technical  Analysis — Measurement  Engineering — Office  of  Fire 
Programs. 

THE  CENTER  FOR  COMPUTER  SCIENCES  AND  TECHNOLOGY  conducts  re- 
search and  provides  technical  services  designed  to  aid  Government  agencies  in  improv- 
ing cost  effectiveness  in  the  conduct  of  their  programs  through  the  selection,  acquisition, 
and  effective  utilization  of  automatic  data  processing  equipment;  and  serves  as  the  prin- 
cipal focus  within  the  executive  branch  for  the  development  of  Federal  standards  for 
automatic  data  processing  equipment,  techniques,  and  computer  languages.  The  Center 
consists  of  the  following  offices  and  divisions: 

Information  Processing  Standards — Computer  Information — Computer  Services 
— Systems  Development — Information  Processing  Technology. 

THE  OFFICE  FOR  INFORMATION  PROGRAMS  promotes  optimum  dissemination 
and  accessibility  of  scientific  information  generated  within  NBS  and  other  agencies  of 
the  Federal  Government;  promotes  the  development  of  the  National  Standard  Reference 
Data  System  and  a system  of  information  analysis  centers  dealing  with  the  broader 
aspects  of  the  National  Measurement  System;  provides  appropriate  services  to  ensure 
that  the  NBS  staff  has  optimum  accessibility  to  the  scientific  information  of  the  world, 
and  directs  the  public  information  activities  of  the  Bureau.  The  Office  consists  of  the 
following  organizational  units: 

Office  of  Standard  Reference  Data — Office  of  Technical  Information  and 
Publications — Library — Office  of  International  Relations. 


1 Headquarters  and  Laboratories  at  Gaithersburg,  Maryland,  unless  otherwise  noted;  mailing  address  Washing- 
ton, D.C.  20234. 

2 Part  of  the  Center  for  Radiation  Research. 

® Located  at  Boulder,  Colorado  80302. 


NATIONAL  BUREAU  OF  STANDARDS  REPORT 

NBS  PROJECT  NBS  REPORT 

4219229  6 June  1972  10  870 


FIELD  MEASUREMENT  OF  HCI  CONCENTRATION 

FROM 

PVC  ELECTRICAL  CONDUIT  INVOLVED  IN  FIRE 

SINGLE  STORY  HOUSE 
February  4,  1972 


by 

T . G . Lee 

Fire  Research  Section 
Building  Research  Division 
Institute  of  Applied  Technology 
National  Bureau  of  Standards 


IMPORTANT  NOTICE 


NATIONAL  BUREAU  OF  STAND, 
for  use  within  the  Government.  Befoi 
and  review.  For  this  reason,  the  pub 
whole  or  in  part,  is  not  authorized  i 
Bureau  of  Standards,  Washington,  D.i 
the  Report  has  been  specifically  prepi 


Approved  for  public  release  by  the 
director  of  the  National  Institute  of 
Standards  and  Technology  (NIST) 
on  October  9,  2015 


counting  documents  intended 
icted  to  additional  evaluation 
fig  of  this  Report,  either  in 
ice  of  the  Director,  National 
Government  agency  for  which 
for  its  own  use. 


U.S.  DEPARTMENT  OF  COMMERCE 

NATIONAL  BUREAU  OF  STANDARDS 


'V*  • N—,'  'Vn  -'U''';  ;i;'i  'v.'t 

V / - /.••;;!  '<V1  »;v.  t c.  • • 


X ' 


”*■  ■•'«■  fj  ■’■■:•,’'■  :•'<■  ■<■■''  ' , 

‘ '*  '••/  k '4  ^ "■  - r 


«•  --l'  •). 


‘«i>  * 


■■Il.iv'”’  (I 

a.  ' / . 


-;;v ‘'f  t",r, 

.;--^v^kTcr  "^  '• 


V.,  JKi’'V'.,v;  ... 


,‘S'‘  •.'*/■ 


«!«iv**vr.i 


'■■  'V. 


■‘  ,,4j 


r ‘<K..?'^  .<«^  •■  . ;n n ’ . '■  .•'•(?•  jii 

■•  ‘‘■-  '’•■?  •'  ■■"■'■,i'.’  tv  , ■■  " f1  fjf  ; •'!'■.">■'  "!  .'''  •'  , 

:••'  '■»*•'  's^^m  iiii  '■»■  /)  •o.fiJffw-Y  v-k--'.‘  ('»;i  ■’  ; .•  '•>)## 


ij|(i3jc»^v  I' - ■•■'••: 'v'-'v  .■•<:■'<. 

♦ v;iify  V I... 


itC\ 


. «*'j  *■■  < r 

I . . ‘ . t/-'- 


^ Vn''  , 

;/  - ■ , » 

) ;'  . . 1 '■',•  * '■«  ■ ' »*l  ; 

. h 

y.Aj  - £ j:;  , u,  :,.. 

V‘i'  tV  ' ' ' )f'  ••  *.;^  ,,■ ' ,'  ,■ 

' ■; 

,^y.!  .<  » /■• 

i 1 .1 ' 

. • i./'n 

< , / 1)4' . '">  )‘fc  '•■  ; I'u^ 

■yu'V.-'’v 


'•vf 


'SVV  ••■ 


ti-  4 . }. 


FIELD  MEASUREMENT  OF  HCL  CONCENTRATION  FROM 


PVC  ELECTRICAL  CONDUIT  INVOLVED  IN  FIRE 

SINGLE  STORY  HOUSE 
FEBRUARY  4,  1972 

Prepared 

by 

T.  G.  Lee 

Fire  Research  Section 
Building  Research  Division 
Institute  of  Applied  Technology 
National  Bureau  of  Standards 


Reviewed  by 


Irwin  A.  Benj^in,  Chief 
Fire  Research  Section 


Federal  Building  Research 
Program  Coordinator 


Approved  by 


J('  ^ ^ 


Dr.  James  R.  Wright,  Chief 
Building  Research  Division 
Institute  for  Applied  Technology 
National  Bureau  of  Standards 


■'•  i .'•::  VJO^'VJ  •'  ■ i ; r.  •. 

i 

'T.,  ,iOK 

/ - ■ bf^-. 

, ■ ■ -T*  . 

■ *'  ^ b*'  ^ V ■ , ,'  ^.’  *' 

■:  ' fi:r:5;t-, 

'fftt  f\<l:vi  ',  I' .’*v*t  . ■ ■ •'  i'Lt  " 

VijX>.i  •••=■:.  ■•'»■/  :-i!»  ' '1  ‘i*"  ’ .1  '■■-• 

It-  ja-v. 


ABSTRACT 


An  experimental  fire  test  was  conducted  to  examine  the  potential 
development  and  spread  of  HC^  in  a 5-room  house  containing  an  instal- 
lation of  PVC  and  EMT  electrical  conduits.  The  fire  load  was  about 
2 

3.2  Ib/ft  in  the  form  of  a wood  crib  in  a small  room.  The  fire  involved 
16  ft.  of  nominal  3/4"  PVC  conduit  loaded  with  six  14-gage  PVC  insulated 
copper  wires  and  7 ft.  of  nominal  3/4"  EMT  conduit  similarly  loaded. 
Temperature,  smoke  and  HC^  concentration  profiles  in  several  rooms  were 
obtained.  Maximum  HC^  and  smoke  levels  in  a room  adjacent  to  the  fire 
were  85  ppm  and  about  0.6  OD/ft  respectively. 

The  HC^  concentration  in  adjacent  rooms  from  burned  PVC  conduit  was 
estimated  to  be  about  two  times  that  from  EMT  of  equal  length  containing 
the  same  number  of  PVC  insulated  wires.  The  relative  low  HCC  from  the 
PVC  conduit  was  due  in  part  to  a blockage  of  the  conduit  core  opening  by 
the  charred  residue  of  the  themoplastic  conduit  and  wires  as  well  as  by 
HC-^'  absorption  losses. 


1.0  Introduction 


To  examine  the  potential  development  and  spread  of  from  PVC-insulated 
wire  and  electrical  conduit  exposed  to  fire,  a field  fire  test  was 
conducted  in  a single  story  house  in  Montgomery  County, 

Maryland  on  February  4,  1972.  T^ie  house,  a recently  vacated  wood 
clapboard  structure  scheduled  for  demolition,  was  made  available  by  the 
Montgomery  County  Fire  Department. 

The  purpose  of  the  test  was  to  supplement  the  results  from  a previous 
test  ’"1"'  by  collecting  additional  information  under  different  experi- 
mental conditions.  "Die  object  of  the  test  was  to  determine  to  what 
extent  a fire  in  a room  containing  exposed  electrical  PVC  conduit  and 
insulated  wiring  would  generate  ^nd  spread  the  primary  combustion 
product,  HC^>  to  adjoining  rooms  through  the  conduit  system. 

Some  experimental  conditions  of  this  test  differed  from  that  of  the 
previous  one.  For  example  all  conduits  used  in  this  test  contained 
within  them  standard  insulated  copper  wires.  Another  type  of  conduit, 

EMT  (Electrical  Metallic  Tubing),  was  also  included  in  this  test.  The 
combustible  load  in  the  fire  room  was  more  typical  of  that  found  in 
residential  occupancies.  Spread  of  HC-^  as  well  as  smoke  was  monitored 
during  this  experiment. 

2.0  Material  and  Construction 


Fig.  1,  2,  and  3 shows  the  dimensions  and  location  of  rooms  in  the  test 
house.  The  house  was  essentially  a one-story  27  x 21  foot  painted  wood 
shingle  frame  structure  on  a cinder  block  foundation.  It  consisted  of 
4 rooms  and  a bathroom.  Only  three  rooms  and  the  bathroom  used  in  the 
test  are  shown  in  Fig.  3. 

Hie  bathroom  with  its  fixtures,  i.e.  sink,  tub,  toilet,  window,  and 
door  removed  was  converted  into  a fire  room.  Its  interior  surfaces 
including  floor  and  window  were  covered  by  2 layers  of  5/8"  thick 
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type  "X”  gypsum  board.  The  final  room  size  was  8.3'  x 4.3'  x 7.5' 
(height).  Framed  by  gypsum  board,  the  window  and  door  openings  were 
2'  X 1.5'  and  3.7'  x 2'  respectively. 

The  upper  half  of  the  door  opening  was  covered  with  gypsum  board  in  an 
attempt  to  limit  the  rapid  escape  of  the  combustion  products  into 
Room  D. 

The  other  rooms  in  the  test  house  were  not  modified  except  for  gypsum 
board  in  the  hall.  The  walls  and  ceilings  of  Rooms  A,  B and  C were 
painted  3/8  inch  thick  gypsum  wall  board.  The  floors  consisted  of 
varnished  2 1/4  inch  width  tongue  and  groove  oak  flooring.  Each  room 
had  two  double-hung,  48"  x 40"  wooden  sash  windows o All  rooms  except 
the  fire  room  were  empty,  with  doors  and  windows  closed  during  the  test, 
except  for  the  hallway  entrance  door  in  Room  D.  This  served  as  a means 
of  cross  ventilated  air  supply  for  the  fire  room. 

2.2  PVC  and  EMT  conduits 


Nominal  3/4"  ID  PVC  (Pol3rvinyl  Chloride),  3/4"  CARLON  "CONDUIT  40"  NEMA, 

TC2 , CAT  49007  and  nominal  3/4"  steel  EMT  HR811  commercial  electrical 

conduits  were  used.  Hie  PVC  conduit  was  a rigid  plastic  piping  gray 

in  color,  13/16"  ID,  1/8"  wall  thickness  and  weight  0.23  Ib/ft.  The 

EMT  was  a galvanized  steel  pipe,  13/16"  ID,  1/16"  wall  thickness  and 

weight  0.47  Ib/ft.  Couplings  and  fittings  of  the  same  material  were 

used  as  required  for  connection  to  junction  and  outlet  boxes.  The 
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inside  cross  sectional  area  of  a 13/16"  ID  pipe  is  0.52  in  . 

To  simulate  a realistic  field  installation  and  to  prevent  premature 
collapse  of  the  thermoplastic  conduit  in  the  fire,  all  conduits 
contained  within  them  six  (6)  14-gage  PVC  insulated  copper  wires  of 
the  standard  14  IW  600  (UL)  type.  The  unit  weight  of  insulation  of 
the  wire  bundle  was  0.034  Ib/ft  or  about  15%  of  the  conduit  weight. 

The  six  wires  extended  the  full  length  of  the ’conduit  system  in  both 
type  of  conduit  to  junction  boxes,  switches  and  fixtures.  The  wires 
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. j 14.2?o  of  the  inside  area  of  the  conduit,  leaving  0.45  in 
occupied  ° 

of  open  area  through  which  smoke  and  gases  could  presumably  travel. 

2.3  Junction  Boxes,  Switches,  and  Fixtures 

The  location  of  junction  boxes,  switches  and  light  fixtures  is  shown 
in  Fig.  3.  The  junction  and  outlet  boxes  for  light  switches  were  of 
the  common  residential  type,  4"  x 2 1/8"  x 1 7/8",  galvanized  steel 
construction.  Switches  and  light  fixtures  were  also  the  type  used  in 
common  residential  houses.  All  boxes,  switches  and  light  fixtures  were 
connected  with  2 wires  and  had  covers  simulating  normal  installation. 

The  other  4 of  the  6 wires  terminated  in  the  box  or  fixture  without 
connection.  The  two  lamp  fixtures  in  the  fire  room  included  8 inch 
diameter  glass  covers,  but  without  light  bulbs, 

2.4  Conduit  Layout 

Fig.  3 shows  the  layout  of  the  PVC  and  EMT  conduits  in  the  test.  The 
PVC  system  ran  from  a switch,  4 ft.  above  the  floor  at  the  middle  of 
the  east  wall  of  the  fire  room,  vertically  to  the  ceiling  where  it 
turned  90^^  and  proceeded  to  the  middle  of  the  ceiling,  where  it 
connected  to  a junction  box  with  a lamp  fixture.  The  conduit  then 
continued  along  the  ceiling  and  penetrated  the  west  wall  of  the  fire 
room  into  a ceiling  junction  box  in  Room  A.  From  the  junction  box, 
one  branch  proceeded  downward  at  the  wall  to  a box  and  switch  located 
4 ft.  above  the  floor,  the  other  branch  continued  along  the  ceiling 
and  penetrated  the  west  wall  of  the  fire  room  into  a ceiling  junction 
box  in  Room  A,  From  the  junction  box,  one  branch  proceeded  downward 

at  the  wall  to  a box  and  switch  located  4 ft.  above  the  floor, the  other 
branch  continued  along  the  celling  to  the  middle  of  the  ceiling  where  a 
junction  box  with  l^mp  fixtures  was  located.  The  conduit  made  a turn  at 
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the  box  and  continued  along  the  ceiling  to  the  south  wall  of  Room  A.  It 
penetrated  the  wall  into  a junction  box  at  the  ceiling  of  Room  B.  From 
the  junction  box,,  one  branch  proceeded  downv/ard  at  the  wall  to  a switch 
located  4 feet  above  the  floor,  the  other  branch  continued  along  the 
ceiling  to  the  middle,  where  the  junction  box  with  a lamp  fixture  was 
located.  The  conduit  then  made  a 90  degree  turn  at  the  box  and  proceeded 
along  the  ceiling  and  then  down  the  wall  to  a switch. 

Two  other  short  PVC  conduit  systems  started  at  the  east  wall  along  the 
ceiling  of  the  fire  room  and  proceeded  toward  the  west  wall,  penetrated 
the  wall  into  Room  A,  made  a 90  degree  turn  down  the  wall  and  each 
terminated  at  a junction  box  with  switch  located  4 feet  above  the  floor. 

The  EMT  system  started  from  a switch  located  4 feet  above  the  floor  at 
the  west  wall  of  the  fire  room  and  proceeded  to  the  ceiling,  bent  90  de- 
grees and  proceeded  to  the  middle  of  the  ceiling  where  a junction  box  with 
light  fixture  and  glass  cover  was  located.  It  then  continued  along  the  ceil  in 
penetrating  the  east  wall  into  the  adjacent  Room  C where  it  was  connected 
into  a covered  junction  box  mounted  on  the  ceiling.  From  the  junction 
box,  one  branch  proceeded  downward  at  the  wall  to  a switch  box,  located 
4 feet  above  the  floor;  the  other  proceeded  along  the  ceiling  to  a junction 
box  with  lamp  fixture  at  the  middle  of  the  ceilings 

^ total  of  about  16  feet  of  PVC  conduit  and  96  feet  of  PVC  insulated 
14  gauge  copper  wire  within  the  conduit  were  used  in  the  fire  room.  Also 
included  in  the  fire  room  were  7.3  feet  of  EMT  and  44  feet  of  PVC  insu- 
lated wire. 

Extraneous  gas  leakage  between  rooms  was  minimized  by  caulking  the  open- 
ings through  which  the  conduit  pierced  the  walls  with  plaster. 
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2,5  Wood  Crib 


The  only  contents  of  the  fire  room  were  a 3*  x 2'  x 2.3'  wooden  crib 
constructed  by  stacking  27'-lnch  long  pieces  of  nominal  2"  x 4"  white 
pine  sticks.  The  crib,  representing  combustible  contents,  weighed 
113  pounds . It  was  supported  5 inches  above  the  floor  by  two  cinder 
blocks.  About  three  pounds  of  1"  x 1"  x 24"  white  pine  and  0.3  quart  of 
kerosene  were  used  to  initiate  the  fire.  The  combustible  load  in  the 
room  was  3.2  pounds  per  square  foot  of  floor  area  and  0,43  pounds  per 
cubic  foot  of  volume, 

3.0  MEASUREMENTS 

3.1  HCj^  Sampling 

Indications  of  the  HCj6  concentration  were  obtained  in  the  adjacent  rooms 
A,  B,  and  C by  the  use  of  Drager  colorimetric  Indicator  tubes.  These 
tubes  Indicate  concentration  by  a pre-calibrated  length  of  color 
stain  when  a known  volume  of  gas  is  drawn  through  the  tube  using  a manu- 
ally operated  hand  pump.  The  indicator  tubes  were  positioned  near  the 
center  of  each  room.  A hollow  rigid  horizontal  tube  passed  through  an 
opening  in  the  exterior  wall  into  the  center  of  the  room  and  provided 
support  for  remote  pumping  and  easy  retrieval  and  replacement  of  the  in- 
dicator tubes.  In  the  very  early  stages  of  the  fire,  an  observer  inside 
the  rooms  also  performed  gas  sampling  near  the  outlet  boxes. 

3.2  Temperature  Measurements 

Twelve  thermocouples  located  within  the  fire  and  other  rooms  were  used  to 
monitor  continuously  the  temperature  profile  of  the  fire.  Figure  3 and 
4 shows  some  thermocouple  locations  and  selected  time  temperature  profiles 
developed  during  the  test,  respectively. 
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3.3  Smoke  and  Gas  Measurements 


Continuous  monitoring  of  smoke  build  up  was  conducted  in  Room  A and  Room 
B by  the  use  of  photoelectric  smoke  meters  and  in  Room  C by  observation. 
Two  smoke  meters  were  located  in  Room  A,  Smoke  Meter  SM-2,  located  8 
inches  from  the  middle  of  the  east  wall,  covered  a folded  vertical  path 
length  of  13.3  feet  from  a light  source  16  inches  above  the  floor  to  a 
mirror  mounted  on  the  ceiling  and  back  to  the  photodetector  next  to  the 
light  source.  The  other  Smoke  Meter,  SM-1,  located  in  the  center  of 
Room  A covered  a vertical  path  length  of  1.5  feet  at  the  midheight  of 
the  room. 

Another  smoke  meter,  SM-3,  was  located  8 inches  from  the  middle  of  the 
north  wall  in  Room  B,  covering  a folded  vertical  path  length  of  13.3  feet. 

Due  to  a last  minute  break  down  of  monitoring  equipment,  CO  and  O2  con- 
centration measurements  were  not  obtained. 

3 .4  Observations 


Motion  pictures  of  the  fire  room  recorded  graphic  information  on  the 
deflection  and  melting  of  the  conduit  and  behavior  of  the  fire.  An  ob- 
server stationed  outside  the  window  took  note  of  events  in  the  fire  room. 

3.5  Short  Conduit 

To  compare  the  time  required  for  circuit  failure  in  the  fire  room  in 
both  the  PVC  and  EMT  conduits,  two  separate  active  circuits  were  used. 

A 67.5  V battery  was  connected  between  a single  wire  and  the  other  five 
wires  in  parallel  inside  both  the  main  PVC  and  EMT  conduit  systems.  A 
recorder  monitored  the  voltage  drop  across  the  terminal  of  the  battery. 

A short  between  the  single  wire  and  any  of  the  other  wires  was  indicated 
by  a sudden  voltage  drop  on  the  recorder. 
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4.0  PESULTS  AND  DISCUSSION 


The  primary  interest  of  this  experiment  was  the  thermal  and  electrical 
behavior  of  the  conduit  system  and  the  magnitude  of  the  HCi-  spread 
through  the  conduit  to  other  rooms.  At  about  1.5  minutes,  the  PVC  con- 
duit along  the  ceiling  directly  over  the  fire  began  to  soften  and  generate 
smoke.  An  electrical  short  in  the  wiring  in  the  PVC  and  EMT  conduits 
occurred  prior  to  this,  at  1.0  and  1.2  minutes,  respectively.  It  is  im- 
possible to  pinpoint  the  region  in  which  the  wire  shorted;  it  is  most 
likely  that  it  occurred  in  the  region  directly  above  the  fire  rather  than 
at  the  switch  area.  Thermocouple  readings  at  1.5  minutes  showed  that 
temperature  at  the  center  of  the  room,  8 inches  below  the  celling  was 
about  400°C.  This  was  A-O^C  higher  than  the  temperature  8 inches  from 
the  wall  along  the  PVC  conduit  near  the  switch.  Before  shorting  com- 
pletely, the  resistance  between  the  wires  dropped  gradually  during  a 
0.2  minute  period,  lliis  indicates  melting  of  the  PVC  insulation  of  the 
wires , 

At  about  4 minutes,  there  was  Insufficient  air  flow  into  the  flreroom 
as  evidenced  by  the  smoke  exhaust  and  drop  in  fire  room  temperature. 

To  remedy  this,  the  board  across  the  window  at  the  exterior  of  the  fire 
room  was  removed,  doubling  the  original  opening.  The  door  in  Room  D to 
the  outside  porch  was  also  opened.  The  fire  resumed  active  burning  as 
indicated  by  momentary  temperature  rise  shown  in  Figure  4. 

Because  of  the  intensity  of  the  fire  in  the  fire  room,  practically  all 
PVC  conduit  and  wire  insulation  was  decomposed  leaving  only  a small 
amount  of  charred  residue  and  bare  copper  wire.  The  maximum  temperature 
reached  was  850°C.  The  copper  wire  (melting  point  about  llOO^C)  did  not 
melt.  Where  the  conduit  pierced  a wall  into  another  room,  the  charred 
residue  from  the  thermoplastic  conduit  and  internal  wiring  effectively 
blocked  most  of  the  smoke  and  gas  movement  through  the  conduit.  The  con- 
duit in  the  adjoining  rooms  was  almost  unaffected  with  no  signs  of 
softening  or  charring.  The  detail  of  this  is  shown  in  Figure  5. 
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The  EHT  conduit  in  the  fire  room  was  intact  though  the  PVC  insulation  of 
the  wiring  inside  was  charred. 

Smoke  was  observed  emanating  from  the  junction  and  switch  boxes  in  Room 
A in  about  1.2  minutes.  Figure  6 shows  the  smoke  build-up  as  recorded 
by  the  smoke  meters  located  in  Rooms  A and  B.  The  smoke  reached  a max- 
imum plateau  of  about  0.6  0D/ft*in  the  center  of  the  room  at  about  7 min- 
utes. The  peaking  time  also  matched  the  one  based  on  HCi  concentration 
measurement . 

HCi  concentration  measurements  were  recorded  periodically  from  the  center 
of  each  room.  Figure  7 shows  measured  HCj6  concentration  at  each  room 
during  the  test.  The  maximum  level  was  85  ppm  in  Room  A;  25  and  15  in 
Rooms  B and  C respectively. 

The  HG^  found  in  Room  C was  primarily  from  the  decomposition  of  PVC  wire 
insulation  inside  the  EMT  conduit  in  the  fire  room.  Since  the  in- 
tegrity of  the  conduit  was  intact,  the  combustion  products  from  the  insu- 
lated wires,  except  for  absorption  losses,  were  conducted  by  the  conduit 
to  Room  C.  On  the  other  hand,  the  decomposition  products  from  the  wire 
insulation  in  the  PVC  conduit,  and  from  the  conduit  itself,  spilled  into 
the  fire  room  as  the  conduit  burned  and  collapsed.  The  charred  residue 
at  the  opening  of  the  unburned  section  of  the  PVC  conduit  in  the  wall  of 
Room  A tended  to  block  the  flow  of  gas  and  smoke  through  the  conduit. 

The  higher  PVC  loading  of  4.2  lb  (from  16  feet  of  conduit  and  wire  in- 
sulation) for  the  PVC  conduit  may  be  compared  to  0.25  lb  (7.3  feet  of 
insulation)  for  EMT  in  the  fire  room.  Despite  the  relative  loading  of 
16  times,  the  ratio  of  the  indicated  HCi^  concentration  in  Room  A plus 
Room  B relative  to  Room  C did  not  exceed  a factor  of  7.2.  All  room 
sizes  were  approximately  equal. 

Another  comparison  between  PVC  and  EMT  conduit  may  be  based  on  concen- 
tration of  HC.^  found  in  Room  B and  Room  C.  The  HCi-  in  these  two  rooms 
Optical  Density  per  foot. 


8 


was  generated  from  systems  of  comparable  length  (7.3  feet)  in  the  fire 
room.  The  maximum  HC7,  from  the  PVC  conduit  system,  after  losses  in  pas- 
sing through  a 10  foot  section  of  the  conduit  in  Room  A,  was  about  1.7 
times  higher  than  that  found  in  Room  C from  the  EMT  system.  This  did 
not  consider  losses  resulting  from  unequal  length  of  additional  conduits 
the  gas  might  travel  to  reach  junction  boxes  within  Room  B or  Room  C. 

In  assessing  HC.^  and  smoke  movement,  it  should  be  pointed  out  that  HCf. 

decays  rather  rapidly  by  absorption  on  solid  surfaces.  Undoubtedly  much 

HCi  is  lost  passing  through  the  conduit  where  surface  area  including 

2 

the  insulated  wire  was  60  in  /ft.  A simple  laboratory  study  could  deter- 
mine the  losses  per  unit  length.  The  decay  portion  of  the  curve  in 
Figure  7 shows  the  relative  ease  with  which  HCX  vapor  in  the  room  is  lost 
after  8 minutes,  when  is  no  longer  available  from  the  fire  room. 

Since  the  rooms  were  unusually  cold  (60°F),  the  loss  rate  was  probably 
higher  than  might  be  expected  at  higher  ambient  temperature. 

The  maximum  HC^  measured  in  Room  A and  B represents  only  about  0.4%  of 
the  potential  from  the  PVC  conduit  loading  in  the  Fire  Room  assuming 

no  losses.  Tlie  measured  in  Room  C represents  about  1.1%  of  the  po- 
tential }iC£  from  PVC  insulation  in  the  EMT  system. 

5.0  CONCLUSIONS 

2 

1.  A room  fire  involving  the  burnout  of  about  3 Ib/ft  of  combustible 
contents  is  likely  to  burn  or  char  all  the  thermoplastic  insulation 
on  electrical  wiring  in  exposed  plastic  or  metallic  electrical  con- 
duit. 

2.  Tine  HCj?.  concentration  in  an  adjacent  room  (85  ppm)  was  not  as  high 
as  might  be  expected  from  a test  situation  where  combustion  pressure 
could  presumably  force  the  gaseous  products  directly  through  avail- 
able open  area  within  the  conduit  (85%  open  for  the  condition  tested) 
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3. 


The  expansion  and  charring  (intumescent ) nature  of  PVC  electrical 
conduit  may  serve  to  seal  the  interior  conduit  openings  against 
extensive  HCi  penetration  of  an  otherwise  sealed  wall.  Sealing  of 
the  wall  opening  around  the  exterior  of  the  conduit  with  noncom- 
bustible material  is  important. 

4.  The  maximum  HCj^  measured  in  two  rooms  with  PVC  conduits  represents 
only  about  0,4%  of  the  potential  HCj^  from  burned  conduit  systems 
assuming  no  losses. 

5.  Information  on  the  CO  and  O2  concentrations  in  the  adjacent  rooms 
is  missing  due  to  an  equipment  malfunction  at  the  start  of  the  test. 

60  Because  of  blockage  from  charred  section,  and  the  deposition  of 
vapors  in  passing  through  10  foot  section  of  PVC  conduit,  the  HC.^ 
concentration  level  from  the  PVC  conduit  source  was  of  the  same  order 
of  magnitude  as  that  from  the  EMT  source.  Both  generating  sources 
were  7.3  feet  in  length. 

6.0  REFERENCE 

T,  G,  Lee,  NBS  Report  10483,  Field  Measurement  of  HCj0  Concentration 
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PVC  Conduit 


Photograph  of  Test  House  (front,  Room  B and  D)  and  Ceiling  of  Fire  Room 


Locations  of  PVC  and  EMT  Conduits  in  Test  House 
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Thermocouple 


Time-Temperature  Profile  of  Fire  and  Other  Rooms 
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Fig.  6 Smoke  Developed  in  Room  A and 
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Fig^  7 (;('>ncenL  rat  i on  of  HCJ  in  3 Rooms 
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